INTRODUCTION
The water temperature is among the physical characteristics of the surface water that has a direct impact on the flora and fauna in the water ecosystems, as an increase of water temperature very often has a negative impact on water quality (Webb and Nobilis, 1995) . An increased water temperature, for example, promotes eutrofication (Webb and Nobilis, 1995; Poole et al., 2001; Jurgelënaitë et al., 2012) . Changes in the river water temperatures also affect other processes such as the formation of the ice (ice starts to form when the water temperature falls below 0 o C), chemical and biological processes (for example, volume of dissolved gases, rate of various chemical reactions, and activity of organisms), the volume of flow of dissolved substances due to mineralisation and chemical composition. Water temperature is also an essential indicator in the economy, for example, in cooling systems and for household needs (Mihailov et al., 2005) .
The dynamics of river water temperature is complicated and can be studied at various scales: on a macroscale (the location of a river in various latitude and altitude, and continentality), on a mezoscale (climate and hydrology of the river basin), and microscale (river geometry, shadowing of banks and soils in the river basin) (Garner et al., 2013) . The distribution of the water temperature in rivers is mainly determined by local physical geographic and anthropogenic factors, of which the following are the most important: climate conditions, the surrounding landscape (forests, an open field), the inflow of groundwater, the distribution of sandy soils and lakes in the inflow basin, the size of the river and its geomorphology, as well as hydropower plants located on the river (Webb et al., 1996; Uehlinger et al., 2003; Carrivick et al., 2012; Jurgelënaitë et al., 2012; Gebre et al., 2014) . A number of global studies have shown that among anthropogenic factors, hydro power plants have the largest impact on river water temperature (Prats et al., 2010 , Jurgelënaitë et al., 2012 Dickson et al., 2012) . In densely populated areas large impact is also caused by waste water emitted to the river and the water collection points (Xin and Kinouchi, 2013) .
The studies that have been recently performed worldwide on change in river water temperature are mainly related to the evaluation of the impact caused by climate change (Caissie, 2006; Arai, 2009; Kaushal et al., 2010; Prats et al., 2010; Van Vliet et al., 2011) . The thermal regime of rivers depends on climate conditions, particularly solar radiation, and thereby water temperature directly depends on the air temperature. A close correlation between air and water temperatures has been documented, which indicates that the change in river water temperature is a direct result of the climate change (Kaushal et al., 2010; Prats et al., 2010; Floury et al., 2012; Van Vliet et al., 2013; Gebre et al., 2014) . Vol. 70 (2016) A further increase of the river water temperature has been predicted (Van Vliet et al., 2013) . A global increase of the mean and maximum water temperature by 0.8-1.6 o C and 1.0-2.2 o C, respectively, is forecast based on the future emission scenarios B1 and A2 for the time period 2071-2100 in comparison to the time period 1971-2000. The largest increase of the water temperature is forecast in the United States of America, in Europe, in Eastern China, in Southern Africa, and also in Australia, as a decrease of the river flow is also forecast for these regions. These regions could eventually face deterioration of water quality, which would restrict the availability of water for human needs, for example, the availability of potable water, and also the capacities of hydro power plants would decrease.
Systematic measurements of the water temperature in Latvia were started in 1932 (Stakle and Kanaviòð, 1941) . In the beginning of the 1960s, Glazacheva (Glazacheva, 1964; 1965) carried out studies on the seasonal and daily change in water temperature of Latvian rivers, and rivers were classified based on their thermal regime. By continuing the studies carried out in 1964 and 1965 , in 1967 Glazacheva (1967 supplemented the study by classification of the rivers of the Latvian SSR in types depending on their thermal regime (102 rivers with an observation period from 1946 to 1962 were used in this study). The thermal regime was singled out as one of the elements of the hydrological regime. Not only were the seasonal changes of the meteorological conditions evaluated, but also the impact of water temperature on physical, chemical, and biological hydrological processes, including on ice conditions (Glazacheva, 1967) . Glazacheva in her study (Glazacheva, 1967) (Hirsch and Slack, 1984; Libiseller and Grimvall, 2002) . Thus, Mann-Kendall test not only allows to identify whether the character of the variability of an index is increasing or decreasing, it also allows to evaluate the statistical significance of the trend.
RESULTS
Long-term changes of the mean water temperature of the warm season. The dynamics of mean water temperature (from May to October), for example, in the Amata, Rçzekne, and Mûsa rivers, were similar ( The results of the study demonstrated that the long-term mean water temperature was higher in large rivers (Table  1) . The highest long-term mean water temperature was recorded in the Lielupe River in the section Meþotne-Sloka, where it was 15.4-16.1 o C, respectively. In the Daugava River, in the section from Piedruja to Jçkabpils, the longterm mean water temperature was within the range 15.3-15.5 o C, and it was slightly lower in the Venta River in the section Vârdava-Vendzava (15.1-15.4 o C) an in the Salaca river from Mazsalaca to Lagaste (15.0-14.7 o C, respectively). The lowest long-term mean water temperature occurred in the Gauja River in the section from Velçna to Sigulda, where it was within the range 13.6-14.2 o C.
The long-term mean water temperature in basins of small and medium rivers of Latvia was highest in small rivers, such as the Mûsa, Svçte, and Bçrze of the Lielupe basin (14.3-15.7 o C) ( Table 1 ). The long-term mean water temperature was higher than 15.0 o C in the Dubna. In other small rivers of the Daugava basin (Pededze, Rçzekne, Ogre, and Lielâ Jugla), the long-term mean water temperature is within the range 13.5-14.8 o C. Similar results were obtained in small rivers of the Baltic Sea coastal area and in the Abava. The lowest long-term mean water temperature occurred in small rivers of the Gauja basin, in particular, in the Tirza, Vaidava, and Amata, where it was as low as 11.5-13.1 o C.
Regarding the long-term mean water temperature, most of the large rivers were warmer than the small and medium rivers. Moreover, in cases when there were several HMS on the river, the water temperature was slightly lower at the upper reaches of rivers than in lower reaches. Similar trends can also be seen regarding the long-term mean minimum water temperature. A higher long-term mean minimum water temperature occurred in large rivers, and it was slightly lower in small rivers (Table 1 ). In the Lielupe, the Venta, and the Daugava mean minimum water temperature was within the range 13.5-14.1 o C. In the Salaca it was approximately 13.0 o C, and in the Gauja 13.0 o C. In the group of the medium and small rivers, the highest long-term minimum water temperature was in the Mûsa (14.1 o C), followed by the Dubna (13.6-13.7 o C). In the other small rivers the long-term mean minimum water temperature was about 13.0 o C or below.
The long-term mean maximum water temperature in most rivers was within the range around 15.0-17.0 o C (Table 1) .
Mann-Kendall test demonstrated that during the monitoring period from May to October, the mean water temperature was mainly characterised by a positive trend (Fig. 3) The long-term change in the annual maximum water temperature showed a significant negative trend (Fig. 4) (in 61.1% of rivers the trend was statistically significant at p < 0.05), and in 25% of the rivers a negative trend was obtained (Table 2) . A statistically significant decrease of maximum water temperature occurred in the Gauja in the section Velçna -Sigulda and in the Aiviekste in the section Lubâna -Aiviekste HPP, in the Lielupe at Meþotne and in the Venta in the section Vârdava -Kuldîga. For small and medium rivers a significant negative trend occurred in small rivers of the Daugava and Gauja basins, in small rivers of the Baltic Sea coastal area and small rivers of the Lielupe basin (Svçte and Bçrze).
The highest temperature usually occurred in the middle of summer, in July. Among the large rivers, the highest water temperature occurred in 50% of years in July in the Gauja in the section Velçna -Sigulda, in the Aiviekste at Aiviekste HPP HMS, and in the Venta in the section Kuldîga -Vendzava (Table 4 ). In the other large rivers the highest water temperature occurred in July in 39.3-48.2% of years. In approximately 30-40% of years in the large rivers the highest water temperature occurred in June, and in 12.5-26.8% of years, in August. In some years (1.8%), the highest water temperature in the Lielupe occurred as early as in May or as late as in September.
Similarly to the large rivers, also in the medium and small rivers, the highest water temperature occurred most often in July (Table 4 ). In 50% of years the highest temperature occurred in July in small rivers of the Daugava basin (in the Dubna at Viðíi HMS, in the Pededze at Litene HMS, in the Ogre at Lielpçèi HMS), and the Gauja basin (in the Tirza at Lejasciems HMS and in the Amata at Melturi HMS). In the other medium and small rivers the highest water temperature occurred in July in 36. rivers, for example, in the Vaidava at Ape HMS, the highest water temperature occurred as early as in June. However, in the Mûsa at Bauska HMS, in the Lielâ Jugla at Zaíi HMS, in the Uþava at Tçrande HMS, and in the Bârta at Dûkupju HMS, the number of observations of highest water temperature in June and July was similar. The highest water temperature occurred in August in 8.9-21.8% of years. The maximum temperature was rarely observed in August in the Lielâ Jugla at Zaíi HMS and well in Tirza at Lejasciema HMS (% of the years). The maximum temperature occurred most often in August in the Irbe at Vièaki HMS (20 % of years). In small and medium rivers, compared to large rivers, there were more years when the highest water temperature occurred as early as in May.
Correlation between the water temperature and the air temperature. Over the long-term, the correlation between mean air temperature and mean water temperature was positive and statistically significant, i.e. along with a long-term increase of mean air temperature, also the long-term mean water temperature in rivers has increased (Table 5 ). Longterm maximum water temperature was not significantly correlated with air temperature.
DISCUSSION
The thermal regime of rivers depends on the climate, mainly solar radiation (this is why the changes in the water temperature along the year follow the pattern of change in the air temperature) and also on the form of water collection of the river. Groundwater inflows have a particularly large impact. In winter the water temperature in most of the rivers decreases to 0 o C. In the middle of the summer considerable contrast of water temperature can be seen. For example, in July in various Latvian rivers the long-term difference of water temperatures can be as high as 8.0-9.0 o C (Glazaèeva, 1975) . Not only the climate, but also the terrain, the geological structure of the river basin, and the hydrology play important roles in the thermal regime of rivers (Glazacheva, 1967) .
The mean water temperature over the period from May to October was higher in large rivers of Latvia than in the medium and small rivers. Glazacheva (1980) found that in the warm season the water was warmest in the Daugava River and its tributaries, Aiviekste and Dubna, and in the Venta, Lielupe, Mçmele, and Mûsa, and in many small rivers of lowlands where river beds are shallow and where there is little inflow of underground waters. In Lithuania the water temperature was observed to be generally higher in large rivers compared to the small ones (Jurgelënaitë et al., 2012) . In Latvia, the mean water temperature in large rivers varied over the long term within the range of 14.7-16.1 o C, while in Lithuania the range was slightly higher (15.0-16.2 o C) (Jurgelënaitë et al., 2012 et al., 2012) . This was explained by a more sandy catchment basin of a river, where spring snow melting water supplemented groundwater, which later flowed into rivers. Infiltration velocity is much higher in sandy soils, which allows the snow melting water to supplement the groundwater reserves to a greater degree. Also Glazacheva (1967) observed that rivers flowing from highlands had colder water due to groundwater inflow into rivers. However, this is only true in cases where groundwater comes from the lowest water carrying layers, as in top and middle water carrying layers the groundwater has a temperature of 7.0-8.0 o C, and thus inflows in rivers and do not considerably affect the river water temperature.
Water temperature was lower in upper reaches of rivers than in lower reaches, particularly in the Lielupe, Gauja and Aiviekste. Jurgelenaite et al. (2012) obtained similar results in Lithuania, and also water temperature in river tributaries was higher in tributaries located further from the upper part of the rivers. In a study carried out by Pekarova et al. (2011) on the Bela River in northern Slovakia, water temperature downstream also increased downstream. As water moves downstream, the friction produces heat energy, and the flow is also supplemented by the water from tributaries (Hammond and Pryce, 2007) .
Most of the studies that have been conducted on water temperature were focused on the evaluation of the impact of the climate change, and have found a relationship between water temperature and atmosphere conditions, particularly temperature (Caissie, 2006; Arai, 2009; Prats et al., 2010; Kaushal et al., 2010; Van Vliet et al., 2011) . Our study also found significant correlation between mean water and air temperature. The Mann-Kendall test indicated mainly a positive trend for mean water temperature over the time period from May to October, which in 20% of rivers was statistically significant. In Lithuania, for the time period 1945-2010, in 41 HMS in 15% of the cases a significant increase of water temperature was found (Jurgelenaite et al., 2012 ). An increase of water temperature in rivers has been observed in many regions globally (Liu et al., 2005; Webb and Nobilis, 2007; Pekarova et al., 2008; Arai, 2009; Kaushal et al., 2010; Prats et al., 2010; Pekarova et al., 2011; Toone et al., 2011; Van Vliet et al., 2011; Dickson et al., 2012; Floury et al., 2012; Garner et al., 2013; Xin and Kinouchi, 2013; Gebre et al., 2014; Orr et al., 2014; ) . During the 20 th century, water temperature in the largest rivers of the United States of America has increased by 0.009-0.07 o C (Kaushal et al., 2010) , and in Canada by 0.02°C (Morisson et al., 2002) . In southern Europe in the Pyrenean Peninsula, in the Ebro River located in the North East of Spain, an increase of water temperature by 2.3 o C was observed , which was due not only to climate change, but also due to reduced river discharge, construction of dams, and a nuclear power plant on the banks of the river (Prats et al., 2010) . Also, in the longest river in France, the , and the largest temperature increase occurred during the period from May to August. In England and Wales, Orrs et al. (2014) found an increase of the water temperature by 0.03 o C (1990-2006) . In Slovakia, in the region of Tatri, temperature of water has increased the Donava by 0.6 o C in the period 1926 (Pekarova et al. 2008 ) and in the Bela river by 0.12 o C during 1959-2008 . The increasing temperature trend in rivers of the northern part of Slovakia could not be seen until year 1970 and only occurred during the last 40 years (Pekarova et al. 2008) . The major impact of the atmosphere on water temperature can be mostly seen during heat waves and dry periods (Van Vliet et al. 2011) , as in the largest rivers in the world in the time period from 1980 to 1999, it was observed that when the air temperature increased by 2.0 o C, the water temperature increased by 1.3 o C, but when air temperature increased by 4.0 o C, the water temperature increased by 2.6 o C, and when air temperature increased by 6.0 o C, the water temperature increased by 3.8 o C. Also, taking into account the decrease of the discharge, it was found that as the air temperature increased by 4.0 o C and the discharge decreased by 40% the water temperature could even increase by 6.0 o C (Van Vliet et al., 2011) .
Maximum water temperature in rivers of Latvia mostly occurred in July. In other studies the maximum temperature occurs in summer months (June, July, and August) (Liu et al., 2005; Pekarova et al., 2008) . In contrast to mean water temperature, the maximum water temperature tends to decrease over long-term, which might be related to the seasonal change in the solar radiation inflow (Pekarova et al., 2008) . Manna-Kendela tests parâdîja, ka novçrojuma periodâ no maija lîdz oktobrim vidçjai ûdens temperatûrai galvenokârt ir novçrojams pozitîvs trends (22,2 % gadîjumos trends ir statistiski ticams pie p < 0.05). Savukârt, analizçjot gada maksimâlo temperatûru, tika iegûts galvenokârt negatîvs trends (61,1% gadîjumu trends ir statistiski ticams pie p < 0.05).
